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Appendix A 

Leachate Collection System Components Calculations 
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A.1 Required Pipe Diameter Calculation 
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A.2 Required Pipe Strength Calculation 
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wheel or axle weight should be increased Sy 50% to 
provide a pipe design with extra strength and 
enduranceagainsttheimpactofthesedynamic 
forces. The load at the top of the pipecaused by a 
superimposed dynamic load at point "A" is 
evaluated as: 

3wz3 Pfj =- 
2 d 5  

Where: W = 1% times the superimposed dynamic 
load. pounds. 

to the top of the pipe. feet. 
Z = Vertical distance from the point of load 

R = Straight line distance from point of load 
to the top of the pipe, feet 

R =VP+r+z2 
X a d  Y = tMzontal distances at 90" to 
each other from point of load tothe top of the 
pipe. feet. 

Unit underground pressures caused by a 1 OOO pound 
superknposed dynamic IoadisshowninCharta. 

forheavy truckorrailroad 
traffic. Charts 30 and 31 summarize the total pressure 
due to the weight of the soil alone together with the 
weight of the rolling vehicle, An allowance for impact 
is included in each of these two chatts. 
These graphs show that. beyond an optimum depth, 
the total pressure on the pipe increases due pflmarily 
to soil pressure. At shallower depths the load 
intensifies because it is nearer the roning equipment 
and the live load is not as well distributed. 

Note: If the live load pressure exceeds the capability 
of a specific SDR pipe for a specifc traffic situation. 
the designer may want to consider the use of a steel 
or reinforced concrete casing to protect the pipeline. 
P; Apparent External Pressure Due to Internal 
Vacuum: 
Positive pressure generates a tensile hoop stress in 
the pipe wall. Under its influence the pipe will be 
trying to expand. The pressure of the soil around the 
pipe will be trying to crush the pipe as shown in 
lhii illustration. 

In a positive pressure situation, the value of Pi is 
negative and theoretically shouM be subtracted from 
the other twoexternal pressure componenfs of P, 
because it is counteracting the external 9oil pressure. 
However. a pipeline should not be designed such 
that intemai pressure is required to support the 
pipeline to prevent collapse from mal pressure. At 
some point in the system's operations, the pipeline 
will be shut down. The support offered by positive 
pressure against collapse by external soil pressure 
should be viewed as a means of adding additional 

chart30 
H20 Highway Loading 
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&sip by Wali l3mWi-g Guiarelines: 
Alhough wall buckling is SeMOm the limiting factor h 
the design of a Driscopipe system, a check d m- 
pressunzed pipelines can be made amding to the 
bltowing steps to insure P, c Pa- 
l Calculate or estimate the total soil pressure, P,. at 

the top d the pipe. 
2. Calculate Ihe stress “ S i  in the pipe wall according 

to the formula: 

S A  = (SDR - 1)P, 
2 

3. Based upon I&! stress *si and the estimated time 
duration of non-pressurization, use (%art 25 to find 
the value of the pipe‘s modulus of elasiii ,  
E. in psi. 
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4 Based upon the pipe SOR and the value of the &sign 6y Rthg lkfkctm- Ring deflection is defined 
polyethylene modulus of elastlcity. E. calculate the as the ratto of the wrtcal change in diameter to the 
pipe's hydrostatic. criticalcoliapse differential original diameter. It is often expressecj as a 
pressure, Pc- . -age. Ring deflectan for buried Oriscopipe is 

conservatively the same as (no more than) the vertical 
compression of the soil envelope around Ih& pipe. 
Design by ring deflection matches the ability of 
mscopipe to accommodate. 
distress. the 
envelopingtheburiedpipeGne.Desrgnbyting 
c f & d a n ~ a ~ ~ o f M d ~  
fo ensure 
of(hep@e.SeeChart27.Thetabdatiishowsthat 
with loww values of SDR. the alknrvable deflection is 
less. For installations which require this thidcerwdl to 
resist the external soil pressure, actual ring deffection 

easily rimit4 to the tabular by proper 
compactiondthe backfill arOund the pipe-The . 
recommended allowaMe deflection fofthevarious 
SDRs are: 
Chart27 

2-32 (E) Pc = - (=w3 
5 Calculate the socf modulus. E'. by pbtti i  the total 

external soil pressure. P,. against a specified soil 
density to derive the soil strain as shown m the 
example problem on Chart 26. 

6. Calculate the cntcal buckling pressure at the top 
of the pipe by the fomwla: 

of ihe 

Pa = 0.8 
7. Calculate the Safety Factor: S.E = Pcs f PI 

In burial applications. a safety factor of 1.0 may be 
considered a minimum because of the margin of 
safety provided by the arching action of the soil. 
However. Oriscopipe endorses using a more 
conservative value approaching or exceeding a 
2.0 safety factor. Allowable 

derive the minimum pipe SDR required for a g h  8.1% 
soil pressure and an estimated soil densii. 26.0 6.5% 

8. The above procedures could be mersed to SDR Rins- 

However. this procedure should permit the 21.0 529b 

32.5 

$00 The allowable ring deflection d pdyethylene pipe is 
a function of the allowable tangential strain in the 
outer surface of the ppe wall. A conservative limit of 
1 -1 E% tangential stmh in the outer surface of the 
pipe wall due to vertical deflection of the pipe 'ring" 
by soil compression can be understood by 
comparing two pipes of the same diameter but 
different wall thickness 

EXAMPLE 

FamJ.. E' =P,/r, 
Wcut.tionS:E'=2000PSF/.018 =111111 P!Sf=TIlpsi 
N o ( e  lhe cwves .ban on thm chad are wmpk curves tor. 

hoold be dmloped kom laboratory lesl data lor thc materbc wcd Sod 
Pswm #la 4000 pst may be tumncd by cdr.po&iag the 

mC- Or by  g-bng curves by tti(ingatth0sCNphcr sail 
WWreS. Pmb.Me eRQI 0 4  WN.5 is .bod hall the dmance bet- 
adtannt kncs 

FindE'CZMK)PSF&ldBOXOencily 

lt-lymot.ollan "sedbr bocnill. wm., c b y o r d a y i z z z .  %RtngDeRectcon= 

NOTE. 5% ddlectkn decreases ((orurce ey %%. 1Qk&(lac(lon 
dovaa.er flo*ms. by 1% 
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'iLpe4MarinePipelines 
h- . . ihe primary design criteria for submerged 
and weighted pipelines are (a) the critical collapse 
pressureforemptyor lyfuttpipelii. 

the concrete anchors. Even though a mar'lne pipeline 
is sometimes buried in an underwater trench. any 
support that the pipeline receives from the backfill 
material should be ignored for design purposes. 
Driscopipe canbeburied. rest on the bottom or 
floated on the surface of lakes, rivers. marshes or 
oceans. Its charactmktics of RexHii ,  light weight, 
inertness to saltwater and chemicals, continuous 
pipeline due to butt fusion and the ability to float even 
when full of water give pdyethvlene many advantages. 
The design of the external weights for water 
installations is a matter of preference. The weights 
are normally made to order by precast concrete 
manufacturers or by the ContractOT at the job site. 

awayfrwnthebottom usingweightsaslegsorina 
trench or directly on the bottom. It is advisable for 
weights for pipes larger than 12" to have reinforcing 
steel for strength. It is also recommeoded that one 
turn of NbbergasKCting material or2 to3 tumsd5 to 
1orrdlpdyethylenesheetbewrappedaroundthe 
pipe under the weight to act as a cushion and prevent 
damage to the pipe. 
clitical Cdapse Pressurer A marine pipelik does not 
receive any strudurat support from the surrounding 
water. Therefore, an empty or partially filled non- 
pressure pipeline is subwt to long-term hydrostatic 
collapse. A marine pipefine that is full of water at all 
times, such as an outfall or intake line, is not subject 
to collapse because the internal pressure will equal 
the external pressure at any specifc depth of water. 
Chart 32. shown below. gives design levels for empty 
or partially filled marine pipelines. These pressures 
represent the safe m a x i m  differential pressures 
which can be applied to Driscopipe without buckling 
or collapsing the pipe. These values are based on 
extensive long-term differential pressure test data on 

(b) weight of the CoCIcr T te anchoc and (c) spacing of 

These weightscan bedesigned tohdd the pipe 

actual lengths of pipe. The collected test data were 
mathematidy analyzed and used to calculate 
pehmmcelimits for aH pipe SORs considering 
varkKlsdegreesdoriginalovality..Thevaluesin 
Charts 32 and33arethecalculated lower toierance 
knits derived hum the test data and represent the 
level of external differential pressure at which the risk 
of pipe cdlapse becomes insignificant. Pipe collapse 
inthistegwMkwasdefinedasthatpointwherethe 
ma@ deflected diameter was 20% greater than the 
original undeflected diameter. Copies of Ihe test 
results and data anatpis are availabte upan request. 

I 

chart33 
Multipliet'forlhpemtumRerating 
E x p m a l P n ? s s u r e ~  - 

T T  LMtipger 
50 10 1.14 
73.4 23 1 -00 

loo 38 0.79 
120 49 0.62 
140 60 0.50 

Andw# Weighls: The dry land weight of the concrete 
anctwrs may be calculated from the following 
formula The designer should note that concrete 
varies in density between 140 Ibslcu. R. and 155 lbsl 
cu.ft. and the -KO constant is an anchor constant. 
Where K = 1.0, neutral buoyancy is achieved. Where 
K = 1.3. the pipe should be adequately anchored for 
lakes, ponds and stream. Where current or tides are 
encountered, the designer may want to increase the 
K value to nearly 1.5 depending upon design factors 
and his judgment. 

Chart 32 
Maximum External Hydrostatic Pressute Diintial(on ExWnally Unsupported P i )  
Feet of water Head 8 73.4'F 

Service Pipe SDR 
Life 7 9.3 11 15.5 17 19 21 26 325 
1 day 437 337 202 83 65 48 36 18 10 

1 year 232 180 111 50 32 23 17 10 5 
50years 204 159 97 44 29 22 17 9 4 

lmonth 249 192 147 54 34 28 22 10 6 

- 
6aseU on crfllcal dlapse testing of actual plpe samples 
Full Vacuum IS 34 feet d water 
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A.3 Filter Criteria Calculations 
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A/fvcvk~-  OPs L-WW 
Particle Sire Distribution Report 

WCOBBCES WbRAML #(;AN0 KSlLT 1 Y C U Y  I u8cS M H T O  f P L ( U  

) a.4 363 1 A OW 
1 0.0 63.7 30.7 2.6 ow . 

SI- P 
T o  

#4 37.6 
#10 28.4 
WZO 21.6 

E 13.3 
4 6  

&I40 I .6 
maa 1.4 

TNT FlHER 

3.0 
2.6 

.111 
sample No.: CCI-017 
Sample No.: CCId I 8 

.- 
SOIL TECHNOLOGY, 
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A.4 LCRS Gravel Hydraulic Conductivity Tests 
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A.5 Sump Volume/Pump Cycle Time 
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Appendix B 

Calculations of Total Dynamic Head at the Maximum Flow 
Rate and Pump Selection Calculations-Phase 1 Cell and 

Evaporation Pond Pump Selection 
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Calculation for High Flow Pump Rate Required for Cell 1 
Greatest 24-Hour Precipitation Amount for CFA (Reference A Table D-4) 

June = 1.73 in. 

Largest Landfill Surface Area 

Area = 306900 ft2 

Volume of water to be removed (depth x area) 

Volume =44245 ft3 

Volume =33095 1 gallons 

Flow for 72 hour removal (volume/time) gpm 

Flow =76.61 gpm 

Pump Needed, 100 gpm 
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(1) 

LCRS H& Flow PUnp EPG Series 17-2 

PiDe Inout Table 
pipe Name pipe Length Length Hydraulic Hydraulic Frictbn 

Defined Units Diameter Diam.Units Data% 
1 Pipe Yes 0.75 feet 3.088 inches Standatd 

ntle: L C R S  H i  F ~ M  Pump EPG Series 17-2 

Nunber 01 Pipes= 7 
NvnberWJunctions=8 

2 Sieslope Pipe Yes 133 feet 3.088 inches Standard- 

B -6 



AFT Felhan 5.0 Input 
CHMA HILL 

0312aRoo2 08:48 AM 

2 (0.0) 1 I I I I I 
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AFT Fathom 5.0 hput 
CWM HILL 

NallW hHhlPfes6ure InWplessure Database 
Units source 

pump 

2 LCRSHahFbWPunp Yes I 4882 feet 

pump Pump Desig~Fbw DesignFlow Current independent Ind.Variable Dependent 
Tvpe Rate Rateunits Configuration Variable UnitS VariaMe 

2 pumpcurve Val Fkvv Rate aellmin HeadLaes 

(3) 

LCRSHighFk~punl, EPGsecies17-2 

Special 
condition 

None 
De~.Variab)e 

Units 
feet 

Pump 

2 

Purp 

2 -  

Evap Pond Discharge 1 Yes I 49281 feel 

surface Balance Balance ( P i I l )  
PmureUnits Enem Cotwenbation KIn,KOut 

atm No No (P1)O.O 
atm No No (P7)O.O 

PuqcUrVe PumpcUnre PurnpCurve PunpcurVe PUnpCurve RunoutRow RunwtFlow Speed 
Cmstanta Combnth Constantc Constantd Constente Rate Rate Units 

10&4384 -1.688483E-02 -5.2435E-03 0 0 120 100 

canbol cartrol ContrdWhen HeatMded 

0 
Disdwge Discharge Unita ExceeddOnly ToFlukl 

(Pipe #6) (Ppe #-I) (Ppe #8) ( P i  #9) (Pipe #lo) (Pipe I 1  1) (Pipe t12) (Pipe tl3) (Pipe H 4 )  
Ktn,KOut Kln,KOut Kln.KOut Kln.KOut Kh,KOut Kln,KOut Kln,KOut Kln.KOut K h , K O u t  

(ppe X15) ( P i  X16) ( P i  X1-I) (Pipe #la) (Ppe X19) (Pipe Cno) (Ppe y21) (Pipe #22) (Pipe w23) 
Kln.KOut Kln.KOut Kh,KOut Kln,KOut Kln.KOut K4.KOut Kln.KOut Kln,KOut K4,KOut 

I 
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(4) 

LCRS H)gh Fkw P- EPG Series 17-2 

Valve Exa RmMcted Restrlded Loss 
Pressweun#s Area A r e a W  Model 

3 KConstant 
6 K Conseant 
7 KConstant 

0312(MoOe 08:a AM 

Loss Independent ind.VariaMe Dependent Dep.Varhble 
Value Variable wits Varleble Units 

0.7 
0.7 
0.7 
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CH2M HILL 
LCRSHQhFWRmp EWSerles17-2 

constantFkridpIopertyModel . 
Fk#Datebase:AFrstandard 
FhMWateratlabn 
Max Fkddfemperatue D a b  212deg. F 
Min Fkrld Tempecehrre Data= 32 deg. F 
TemperahKe=fi(ldegF 
Density--62.41296knnt3 
V&cosky= 3.1854 knmr-ft 
Vapor Pressure= 0.17055 pda 
ViiityModekNewtonian 

Atmospheric Pressure= 1 atm 
QfavitationalAccde&o n = l  g 
Turbulent Flaw Above Reynolds Number= 4OOO 
Laminar Fkw 8elauv Reynolds Number= 2300 
overall oelte H& = 45. feet 
overcrll Mdkn Head Loss = 27. feat 
overalloeltaprassure=3l.psid 
overall Frictioclal Pressure Loss = 12. psid 
Total Inlkw=82. wmin  
Total OuWow= 82. gal'mh 
M a x i m  Pressure is 46. psh atJwcbon 2Outlet 
Minimum Pressure is 15. psia at JUnc(i0n 8 Outlet 

NPSHA NPSHR Wl 
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0312052002 

I Pipe ' Nominal 
Size 

Binctr 
3hch 
3clch 

1-1R indl 
3 inch 
3hch 
3hch 

wc 
wc 

Pstatlc 
Ill 

AEeL 
15. 
15. 
22. 
22. 
20. 
20. 
15. 
15. 

v 

HGL 
outlet 

4882 
4952 
4952 
4948 
4947 
4928 
492a 

(feet) 

- 
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CH2M HILL 
LCRS Low Flaw  pun^ wll.5' piping. Pump b T W  at Truck Load Pad. Pump WSD 1.53 

mi: LCRS LOW ROW pump ~11.5- piping. pump b TIUCIC at T N C ~  Load pad. pump WSD 1.5-3 

NunberOfPrpes~T 
Nunber Ot Jwrcbon&- 8 

PressureMead Tolerance= O.OOO1 relalive change 
Fkw Rate Tolerance= O.OOO1 relative champ 
FbWAeb~atbn- (AuWWW - 1  
Pressure Retaxation= (Automatic) 

constantFluidPmpertyModel 
Fkrid Database: AFT Standard 
Fluid: Water at 1 abn 
Max Fluid Temperatwe Data= 21 2 deg. F 
Mln Fkdd Tsmperahre Data= 32 de@. F 
Temperature= 50 deg. F 
oenSityI62.41296IbR1Ht3 
vlscas#y..3.1854 Ibm/hr-ft 
Vapor Pressuret 0.17055 p ia  
ViiModekNewaDnian 

A Q n o s p h e r i c P ~ l a b n  
Qravitrdknal Accekmtknw 1 g 
Turkrlent Row Above Aeyndds Number= 4OOO 
Laminar Fkw Below Reynolds Number= 2300 

PIPES a. 
>>>>> Pipe 6 (Pipe) <e<<< 
P i  from gate valve to evap crest pad building. M i l  ksses indude fittings, globe valve at sump, and fittings up to valve in evap pand 

i 

wing. 

>>>>> Juncbjon 2 (Pump) <<<<< 
WSD 1.5 -3 Punp to Evap Pond 
>>>>> Junction 7 (Vah/e) 
Valve at evap pond Wing just before check valve. 
>>>>> Junctlan 8 (Reservoir) e<<<< 
O i r g e  plpeb Evap pond 

JUNCTIONS - 

B- 14 
i 



AFT Fathom 5.0 Input 
CH2M HILL 

r 
pipe Three-way swingmd uftcheck TiltingDisc stop~hed~ sharged~ed mg Contractions' 

,Losees valves Valves Vahres (;hedcVahres Valves orifice Mi 
, 4  

6 I 
7 1 (0.9) I 

LCRS Low Flow purp wll .Y piping. Pump to Trudc at TNck Load Pad. Pwnp WSD 1.53 

Expansbns Entrances Exits DaferenDial Hongrcomb Screen 
mwmder 

4 
- 6  1 

7 I 

0311 7/2002 05:09 PM 

Tee Add'lLoss 

2 (0.08) 
3 (1.18) 
2 (0.0s) 

Pwnp Name 

2 Pump 

Object Inlet Elevation Initial Pressure Initial Pressure Database special Pump 
Defined Elevation Units Units Source condition Type 

YeS 4882 feet I None Pumpcurve 

Pump DesignFlow DesignFkw Current Independent 1nd.Variable Dependent Oep-Varhble Pu~qtCuwe 
Rate Rateunits Confiration Variable Units Variable Units Constant a 

ControlWhecr HeatAdded 
Units ExaMedOnkr Toflukl 

2 1  Vd. Flaw Rate galhiin HeadLoss feet 78.62441 

2 

B-15 

PumpcurVe Pumpcurve PumpCucve RunoutFlow RunoutFlow Speed Conbol 
Constantb constantc Cocrstantd Constante Rate Rate Units Dischm 

-2.201363 -0.3038763 0 0 10 gNmin 100 

9eservoiriabk 
Resenroir Name Object inlet Elevation InitialPressure lnitialPressure Database Surface Surface 

Defined Elevation Units Units Source Pressure PressureUnits 

8 Reservoir! yes 4928 feet 1 a h  
1 fleservoicl Yes 4883 feet 1 1 atm, 

Reservoir 

1 
8 

Balance &dance (Pqe#1) (Pipem) (Pipe#3) (FipeX4) (Ppec5) (Ppe(yG) fPipe17) 
Energy Concentration Kln.KOut Kln,KOut Kln,KOut Kln.KOut Kln,KOut K h K O u t  Kln.I(Out 

No No (Pl)O,O 
No No (P7) 0,o 

Resetvoir ( P i  m) (Pipe as) (pipe #lo) ( P i  # l l )  (Pipe #12) (Pipe 113) (Pipe 114) 
Kln,KOut Kln,KOut Kln,KOut Kln,KOut Kh,KOut Kb.KOut Kln,KOut 

1 
8 

( P i  1151 (Pipe 116) 
Kln,KOut KIn,KOut 



AFT Fatha  5.0 Input (3) 03'1 7/2002 05:09 PM 
CH2M H i l l  

LCRS Low Fbw Pump w11.5" piping. Pump to Truck at TRlck Load Pad. Pump WSD 1.5-3 

Reservoir 

1 
8 

(Pipe t17) (Pipe 118) (Pipe Yl9) (Pipe m0) (Pip el) (Pipe (122) (Pipe #23) (Pipe M4) (Pipe UZS) 
Kln,KOut Kln.KOut Kln,KOut Kln,KOut Kln.KOut Kln,KOut Kln,KOut Kln.KOut Kln,KOut 

I 

Reservoir 

1 

I 8  I I I I I I I I I I 

(Pipe tll) (Ppe #12) (Pipe 113) (Pipe 114) (Pipe #15) (Pipe W16) (Pip X l 7 )  (Pipe t t 8 )  (Pipe #19) 
Depth Depth Depth Depth Depth Dem Depth 

Reservoir 

1 
8 

(Ppe(120) (Pii#21) (Pipem) (PipeX23) (Pipea24) ( P i i W 5 )  PipeDepth 
Depth Depth Depth units 

feet- 
feel 

B-16 

Valve 

3 
6 
7 

t 

Exit Restricted Restricted Loss Loss Independent Ind-VariaMe Dependent Dep-Variable 
Pressureunits Area Areaunits Model Value Variable Units Vatiable units . 

KConstant 0.7 
KCanstant 0.7 
KConstant 0.7 



RFT Fathom 5.0 output (1 1 03/17/2002 
CH2M HILL 

LCflS Low Fkw Pump wI1.5’ piping. Pump to Truck at TNdc Load Pad. P u m ~  WSD 1.5-3 

IXtle: LCRS Low Fbw Purnp wIl.5’ piping. Pump to TNck at Truck Load Pad. Pump WSD 1.5-3 
Rnalyss run on: 03/17/2oM 5:09:13 PM 
rbp”0n version: AFT Fathom Version 5.0 (2001.10.15) 
lnput Ti: \\SinbaWSERSbhompoWEELUCRS Low Fkw nm3.fIh 

Exeanion Time= 0.29 SBcOnds 
rdal ~ u m b e r a  HeadPresswe tteratjons=o 
rotal Number Of FIWJ Iterations= 212 
Total Number 01 Tenpeceftoe Iterations= 0 
NumberOfPipes=7 
NumberOfJLmcaions=8 
Matdx Memod= Gaussian Elimination 

PressweMead Tderance= O.OOO1 relative change 
FkwRateTolerance- - O.OOO1 relative change 
FkwR&xatim= (Automatic) 
Pressure Relaxah= (Auaometii) 

Constant Ruid Fmpeily Model 
FkrM0atabase:AFTstandard 
Fkdd: Water at 1 abn 

Min Fluid Temperature Data= 32 deg. F 
Temperahrre=5O&g.F 
Density=62.41296lknm3 
Viscosity= 3.1 854 Innlhr-ft 
Vapor Pressure= 0.17055 p i a  
V~&hkdd=Newtanian 

Atmospheric Pressure= 1 atm 
G r a v i t a t i o n a l A c c e l l g  
Turbulent Fkw Above Reynolds Number= 4OOO 
m a r  Flow Bebw fleynolds Number= 2300 
Overall Delta Head = 45. feet 
Overall Friction Head Loss = 0.91 feet 
Overall Ddta Pressure = -20. psid 
Overall Frktianal Presswe Loss = 0.39 psid 
Total In-- 7.4 gal/tnin 
Total oumoW= 7.4 gal/& 
Maximum Presswe is 35. p i a  at Junction 2 Outlet 
Minimum Pressure is 14. pia at Junction 7 Outlet 

scenario: Base SCenaridlcRS Low FkwLORS AND SLDRS WSD 1.5-3kCRS LOW Flow WSD 1.5-3 

M a x  FMd Tempe- Data= 212 deg. F 

NPSHA 

35. 
0 

NPSHR 4 

B-17 
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AFT FamOm 5.0 Oulput (21 OW1 7/200: 
CH2MHfI-L 

LCRS Low Row Pump wlt.5' piping. Pump to Truck at Truck Load Pad. Punp WSD 1.53 

dH 
(feet) 
0.0078 
0.5263 
0.0078 
0-0466 
0.0078 
0.2572 
0.01 34 

aUmin 

7.4 
4 7.4 
5 7.4 

Pstatic PStatiC 
Max . M i  

@s la) @s ia) 
15. 15. 
35. 1 6. 
16. 1 6. 
16. 16. 
16. 16. 
16. 14. 
1 5. 14. 

Reservoir 

Vatve 
Areachan e 

ppe 
Material 

fvc 
wc 
wc 
PVC 
Pvc 

HOPE 

Lmoth 
[feet) 

2.0 
135.0 

2.0 
3.0 
2.0 

1100.0 

Ehtion 
krlet 
(feet) 
4883 
4882 
4925 
4925 
4925 
4925 
4929 
4928 

dti 
0 

O.oo00 
-45.9100 

0.0125 
0.007a 
0.0092 
0.01 25 
0.001 1 
O.oo00 

Vd.Fkw 
IntoSystem 
(aavmin) 

7.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

-7.4 

' HGL 

4883 
4883 
4928 
4928 
4928 
4928 
4928 
4928 

- - 

pbe 
Nomkral 
size 

1-112 inch 
1-In hch 
1-1R lnch 
1-114 h h  
1-rn inch 

3hch 
3hch 

HGL 
outlet 

(feet) 
4883 
4928 
4928 
4928 

4828 
4928 

A 

4928 
4928 
4928 
4928 14 
4928 15 

PstaUC 
out 

0 
15. 
35. 
16. 
16. 
16. 
16. 
14. 
15. 

HGL 
Outlet 

Ifeet) 
4883 
4929 
4928 
4928 
4928 
4928 
4928 
4928 

~! 
4928 

B-18 
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1 
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a, 

c n 
8 

L 
d 
E- 
3 n 

n 
!i a 

/ 
OI 

0 

0 

.. 
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500 

400 

300 

200 

100 

9- 

- ~~ 

W S D l . 5  Surepump’” 
WHEELED SUMP DRAINER 

695 

WSOl.5- 19 

WSOl.5- 15 

WSDl.5- 1 1 
WSD 1 3- 1 0 
WSDl.5-8 

WSO1.5-5 

*0/ .5-3 
IO 27 

0 1 2 3 4 5 6 7 8 9 10 
CAPACITY (GPM) 

1” NPT 

b 

Manufacturer of Specialty Pumps, Controls and Sensors. 057 1 
R-’A 1 

I 

Y Y” 



I 
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AFT Fathum 5.0 lnput (1 1 03/171200205:01 PM 
CH2M HILL 

LDRS Pump w/1.6 piping. Flow to Truck at Truck load Pad. Pump WSD 1.5-3 

Title: LDRS Punp wll6' pipha. Fkw to TNdc at Truck Load Pad. Pump WSO 1-54 

NumberOfPpes=7 
Number Of Junctbs= 8 

pipe 
oefhed 

Yes 
YeS 
YeS 
YeS 
YeS 
Y99 
YeS 

Lensth 

2 
135 

2 
3 
2 

1100 
41 

Length Hydrauk H m  
Units Diameter Dimunits 

feet 1.676 inches 
feet 1.676 hchea 
feet 1.676 inches 
feet 1.278 inches 
feet 1.676 indl03 
feet 3.063529 inches 
feet 3.088 brches 

FdCthtl 
Data set 
Standard 
standard 
standard 
Standard 
Stendad 
standard 

' standard 

ROU!JhtleSS 

4.999999E-06 
4.999999E-06 

0.000005 
0.000005 
0.000005 
0.000005 
0.000005 

. 

feet 
feet 0.08 
feet 

Initial Flow 

I - l l2 indl 
1-1R inch 
I-ln inch 

, 1-114hch 
1-1c2 hch 

3 hch 
3 inch 

T w  

SDR17 
SDR17 
sDA17 

lChecMe80 
SDR17 
SDR 17 
SDR17 

sped& 
candibion 

None 
None 
None 
NCXW 
None 
None 
None 

-Losses valves Vahres Checkvalves Valves 
. 4  

6 
7 1 (0.91 
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AFT Fathom 5.0 hput (2) 03/17/2002 W.0 1 PM 
cH2M HILL 

LDRS Pump wll .S piping Flow to Truck at Truck Load Pad. Pump WSD 1.5-3 

P w p  Name Obiect Inlet E3evaUon InitialPressure InitlalPresswe Datebase Special Pump 
Defined uevauon UnL units Soutce c o n d i  Type 

2 P W  Yes 4879 feet None PumCWve 

R*np DesEgnFkw DegignFkw C w m t  fndependent Ind.Variable Dependent Dep.Vartable Pumpcurve 
Rate Rateunits Configuration Variable Unirs Variable units Constant a 

2 VOl. Raw Rate paVmhr HeadLCWS feet 78-62441 

Pumpcurve 
Constantb 

2 1  -2201383 

Pumpcurve PumpCurve Pumpcurve ' Runout Fbw Runout Row Speed Control 
Constantc Canstantd Constante Rat0 Rate UnL . Discharge . 
-0.3038763 0 0 10 QaVmin ~ 1 0 0  * .  

Punrp 

2 

.. .. . .  
- * . . .  
.I . 

control ContrdWhen HeatAdded 

0 
0ischarr)eUnlts ExceededOnb ToFluid 

Reservoir 

- 1  

Name Object Inlet Elevation InitialPresswe InitialpreSSure Database Surface Surface 
D e w  Elevation Units Urdts Sowoe Pressure Pressureunits 

Reservoir Yes 4880 feet 1 am 
8 1  Reservoir Yes 4928 feet 1 alm 

Reservoir Balance Balance ( p i i ~ )  (Pipe112) (Ppet~) (PpW (PiPeW (PwW (Pipewr) 
Enecsv Concentration Kln,KOut Kln,KOut K h , K M .  Kln,KOut K h K O u t  Kln,KOut Kln.KOut 

1 No No (P1)O.O 
8 No No (P7l 0.0 I 

I I I 1 I I I I I t 

8 1 I I I 

Reservoir (pipe@) (pipem) (Pipe1.10) (Pbetll) (Ppe1.12) (PipeX13) (Pipe1.14) (Pipet15) 
Kln,KOut Kln,KOut Kln,KOut Kln,KOut Kln,KOut Kln.KOut Kln.KOut Kln.KOut 

1 
8 

~ 

B-23 

(Pipec16) 
Kln,KOut 

I 

i 

1 

i 

i 

! 

i " 1  
i 1 

: 

! 
3 

I 

Resecvoir (Pipeft17) (PipeiY18) (PipeY19) (PipeiY20) (Ppe#2:21) (PipeY22) (PpeU23) (Pint24) (F'ipeY25) 
Kfn,KOut Kln,KOut KIn,KOut Kln,KOut KIn,KOut Kln,KOut Kln,KOut Kln.KOut K h K W  



AFT Fatham 5.0 krput (3) 03/17/2002 0591 PM 
CHllM HlLL 

LDRS Pump w/l.5’ piping. Flow to TRlck at T& Load Pad. Pwnp WSD 1 .!X 

Resecwk (PipeW11) (Pipet12) (Pipe113) (PipeY14) 
Depth Depth 

I I I I 

(Pipe#l5) (plPell6) (PipeX17) (PpeOl6 )  (Pipat19) 
oepth 

6 I I I I 

(PipeX24) (Pipex25) PpeDeplh 

feet 
feet 

Units 
Resetvoir 

1 

(P lpern)  (Pipe121) (PiX22) (*#a) 
Depth 

B-24 

Vafve Exlt Restricted Restricted k Loss Mepmcht  hd.VartaWe oependent Dep.VariaMe 
Pressureunits Area Areaunits Model value variable clntts VariaMe Units 

3 KConstant 0.7 
1 6  KCarsiant 0.7 
I 7  K Constant 0.7 



I -H'u 

. 

LORS Pump w l l d '  piping. Flow to Truck at Ttuck Load Pad. Pump WSD 1.5-3 

TWe: LDRS Pump wlld' piping. Fkw to Truck al Truck Load Pad. Pump WSD 1.53 
Analysis run on: 03/17/2002 5:02:06 PM 
Apptication versbn: AFT Fathom Versbn 5.0 (2001.10.15) 
lnpn Rig. \ W ~ W S E W W ~ U T ~ ~ N E E L L C R S  Low Fbw &.Hh 
scenark: Base ScenarldCRS Law FlowRDRS AND SLDRS WSD 1.5-3 

I 

B-25 



AFT Fathom 5.0 ourprt (21 
CH2M HILL 

LORS Pump Wll.5' pfping. F b w  to Truck at TTUC(( Load Pad. Pump WSD 1.5-3 

pipe 
Nominal 

Size 
1-1/2inch 
l-lTCinch 
1-1ninch 
1-114bh 
1-1EinCh 

3inch 
3lnch 

Vd. 
Row 

(QaVmin) 
6.9 
6.9 
6.9 
6.9 
6.9 
6.9 
6.9 

HGL 
Outlet 
(feet) 
4880, 
4928 . 

4928, 

4928 
4928 

4928 
4928 

PStatiC Pstatic 
d H M a x ) r ( i n  

(feet) (psia) la) 
0.0070 15. 15. 
0.4725 36. 16. 
0.0070 I 16. 1 6. 
0.0417j 16. 16. 

Vd. Flow 
tlltOsy8tm 

w%nbl) 

0.01201 14. 

cni 
(feet) 

AreaChen 
Vahre 
Valve 

Resemir 

P Static 
In 

(psi) 
15. 
15. 
1 6. 
16. 
16. 
16. 

15. 
1 4. 

Elevation 
Inlet 
0 

4880 
4879 
4925 

--A!@? 
4925 
4925 
4929 
4926 

P Static HGL 
Out Outlet 

(p3 ia) (feet) 
15. 488U 
36. 4929 

I 16. 4928 
16. 4928 
16. 4928 
16. 4928 

15. 4928 
14. 4 ~ 2 a  

No. Material 
pipe 

0.0 
0.0 
0.0 
0.0 
-6.9 

o.Oo690 
0.00816 
0.01103 
o.oO099 
0.00000 

h g t h  
(feet) 

2.0 
135.0 
2.0 
3.0 
2.0 

1100.0 
41 .O 

EGL 
Inlet 
0 
4880 
4880 
4928 
4928 
4928 
4928 
4928 
4920 

El 
(feet) 
4880- 
4929 
4928 

B-26 
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EPG WSD1.5-3 

0 2 4 6 a 10 
Volumetric Flow Rate (gaVmin) 

lincH0nNeme:PUmp 
unction Type: Pump 

3patiar: 
01 = a + W +cW2 + ddy\3 + eQ"4 
~nstantsforpumpcurve: 
L =  78.62441 
I = -220201383 
: = -0.3038763 

B-28 
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EPG WSD 1.5-3 

/ dH 
! 

Volumetric Flow Rate (gaVmin) 

... . :' 
.A 

! 
I 
: 

i 

i 
I 

I 
I 
! 
i 
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n 
I- 
W 
w 
LL 
W 

n 
U 
I 
W 

500 

400 

300 

200 

IO0 
0,s 

0 

WSDl.5 SurePumpTM 
WHEELED SUMP DRAINER 

695 

! 

i 
i 

! 
i 

i 
i 

I 
I 
1 i 
! 
i 

f 
i 
1 
i i 
1 

f 

! 

i 
! 

I I 

Manufacturer of Specialty Pumps, Controls and Sensors. 057 1 
1 
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9 
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AFT fathorn 5.0 krput 
cH2M HIU 

W17mxM 1249 PM 
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AFf F&OKI 5.0 input 
CH2M H I U  I 

Inlet 
Elevation 

492a 
4925 

4927.5 1 5 1 Areachange! YeS 

Elevation Type Geometry -Angfe 
Unb 

feet Conical Expansion 60.1 0.6435503 
feet Conical Ek~ansicin SO.! 0.0107971. 
feet- Conical Ewpan Sionl 60.1 0.156074 

Object Inlet Elevation InitialPressure tnitlalPressure Database Special 
Defined Elevation Uni Un#s Source condition 

2 CDRS Evap Pond Pump YeS 491 7 1 feet None 

r ~ w r p  pump D e s i i n ~ b w  Oesign- current Independent ~nd.~ariable Dependent ~ep.veria~e 
Type Rate Rateunits U m i i i u r a h  VatMIe unns Vafiabte lJn& 

2 PumCurve Vd. Flow Rate admin HeadLnss feet 

PumpCwve Pumpcurve RunoutFkw RwwutFbw Speed 
Constantd Ccmtante Rate Rate units 

2 28.807091 -0.88565631 -4218518E-02( 0 0 -  100 

Pump Control CQnbd Contdwhen HeatAdded 

2 0 
Oischarge Dischargeunits ExceededOnly ToFluid 

B-33 



W Fathom 5.0 Input 
W M  HILL 

03/1712002 1209PM 

B-34 



ConstentRUMPropsrtyModel 
FMdDatabaseAFl-S- 
w.waterat1abn 
M ~ K  Fkrid Temperature Data= 212 deg. F 

T m m 5 o d e p . F  
Fkdd Tempwature Oatas 32 deg. F 

DensiFI;.e41296lknm 

Vepor Pressure= 0.17055 pia 
V i  Wek Newtonian 

Abnospherk Pressure=: 1 am 
G r w P a t i a n a l A n =  1 g 
Turbulent Wow Above Reyndds Number= 4OOO 
Laminar Flow Below ReynoMs Number= 2300 
Ovecall Delta Head = 10. feet 

Overall Delta Pressure = -4.8 psid 
Ovedl Frictional Pressure Lass = 0.50 p s M  
T W  Inflow= 12. gatfinin 
TOM OuWow= 12. gaI/rnin 
Mrudmum Ressut-e is 20. psia at Junction 2 Outlet 
Mlnimun Pressure is 15. pda at Junction 6 Outlet 

3.1854 Ibrrr’hr-ft 

overeil hsction H& Loss = 1.1 feet 

Jct 
NPSHA NPSHR 
(feet) (leet) 

- 2  35. WA 
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AFT Fathom 5.0 oulput (2) 03/16/2002 
C H 2 M H U  

LDRS EVAP Pond Pump fkw loTRlck atT& toad Fad 

Pipe Vd. Pstat icPscat icReynoMs Pipe Pipe 
F I o w d H M a x b A i n  No. Material k @ h  Nominal 

(savmin) (feet) (ps ial tp$ia) (feet) size 

HGL 
Outtet 
(feet) 

B-36 

- 5 1  12. o.Oo30 15. 15. 7.6€+031 HDPE 6.0 4inch 4928 



n 

Q) 
c 

0) 
UI .- a 
W 

I 
8 

EPG WSD2-1/1 PUMP 

I 1 I 1 I i 
0 5 10 15 

Volumetric Flow Rate (gaVmin) 

Jundion Name: LDAS Evap Pond Pump 
Junctkw, Type: Pump 

Equation: 
dti =a  +W +c(m + d W  + eQ"4 
Canstants for pump curve: 
A -  28.80709 
B = 4.8856563 
C = -4218518E-02 

:... . ..' . ,>. . 
.It? .i . 

:-~.:. .. ... . . .  
4 .  ... 
.> !: 
.. . 
., - . 

i 
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'i 

Pump Curve vs. System Curve Evap Pond to Truck Load. WSD2-2/1 Pump 

i 

Pump Curve 

System C w e  

B-38 



WSD2 Surepump’” 596 

WHEELED SUMP DRAINER 

3 

300 

200 

100 

.1 

:a, D 

CAPACITY (GPM) 

WSD2--10 
WSD2-9 
WSDZ-8 
WSO2-7 
WS02 - 6 
WSDZ-5 
WSD2-4 
WSD2-3 
WSD2-2 
WSD2-2/ 1 

1 1/4”NPT 

I 1 
I I SINGLE PHASE I THREE PHASE 1 SHtPPlNG WEIGHT (LBS) 1 

(MOTOR HP A (in) I 8 (in) IMOTOR HP A (in) 10 30 
WSD2-2/1 1 0.33 29.25 1 27.25 1 0.50 29.75 27.75 1 38.1 40.3 

r u w r  MUULL 

WSD2-2 I 0.33 29.25 1 27.25 I 0.50 29.75 27.75 I 38.1 40.3 
I WSD2--3 1 0.33 I 30.00 I 28.00 I 0.50 I 30.75 1 28.75 I 39.0 I 41.2 1 

SEE 0572-2 FOR HIGH HEAD MODELS. 

Manufacturer of Specialty Pumps, Controls and Sensors. 0572-1 
B-39 
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OlAp Pond Transfer pump flow to Truck at Truclc Load Pad 

PressurcaMead Tolerance= O.OOO1 relathre change 
Fbw Rate Tolerance= O.OOO1 relathre change 
FbwRelaxation- (Aubonratic) 
PressureRelaxatlon=. (Automatic) 

ConstantFkddProperlyModel 
Fkdd Database: AFT standard 
Ru#. Wateraf 1 atm 
Max FMd Temperatufe Data= 212 deg. F 
Min Fluid Tsnperature Data= 32 deg. F 
Terqxra!wbM)deg. F 
Den&ly=62.41296Ibmnt3 
Vbo&ly= 3.1854 Ibmmc-ft 
Vepor~ur&O.l7055psia 
Visoosity Model= NewtonIan 

Atmospheric Pressure= 1 atm 
O l a v i t a t i a r a l A c c e l l g  
TwbulentFkwAboveReynoldsNunber=4000 
Lamher Fkw Eekw Reyndds Numbem2300 

PIPES - 
>>>>> Pipe 1 (Pipe) <<<<< 
PVC dtuatly same roughness as HDPE pipe, typ all HDPE pipe speciriced as HDPE. 
>>>>> Pipe 3 (Pipe) <<e<< 
8Pvc @&gOnWafl. l0tfWk bad 

3' HOPE b buck load pad 

>>>>> Junction 1 (hnsfer Pump Reservoir level) 
4919 low point elevation over liner. Assume 1' head over pump. approx. 4920 elev. 
>>5>> Jundion 2 (Transfer Pump) <<e< 
Transfer Pump to truck load 

Transition fmnV P V C t o l  HOPE to truckload 

Transition fmn 4' HDPE to flex hose to truck 
>>>a> Junctkn 6 (Tanker Truck Reservoir Level) <<<e 
Tankertruck Assume 6 feet abovebuck kad pad 

>>>>> Pipa 4 (Pipe) <<<<< 

JUNCTIONS - 

>>>>> julction 4 (Area change) <<<<e 

>>>>>Junction 5 (Area Change) <<<<e 

Yes I SI ieetl 3.93S824I inches1 Standard! 0.oooaosl 
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NT FSman 5.0 krput 
cH2M HILL 

5 

Losses 

(2) 

EVAP Pond Transfer Pump flow to TNdc at TNdc Load Pad 

I I I I I I 1 
PpeEjcpenslOns Entrences Exits Differential H o n e y e o m b m  Tee 

Flowmeter 

Losses valves V&eS Valves ChedcValves Valves 
. 2  1 (1.79) 

2 1  
- 3  

4 
5 

3 1  I I I I I I I 
4 1  I 

2 (1.14) 

I 

Pump Name object . Inlet Elevalion IniiPressure Initial Pressure Database special Pump 
Defined Elevation Units Units Condition Type 

Punp DesignFkw OesignFlpnr Cwrent independent lnd.VariaMe Dependent mp.Variabk3 PumpCunre 
Rate RateUnii Cantiguration Variable UnL VariaMe Units Canstanta 

2 TransferPump YeS 491 9 feet 1 None PurnpCwe 

2 Vd. Fbw Rate aavmin HeadLoss feet 54.22766 

Constantb Constantc Constantd Constante Rate Rate Units Dischatge 
Pump Pumpcurve PumpCurve PumpCunre PumpCurve RunwtFbw RunwtFlow Speed Gmtrol 

2 -6.86945E-03 -2.637844E-03 0 0 100 

WschargeUnits 
2 1  

Control When Heat Added 
ExceededOnly ToFluM 

0 

Reservoir 

1 

B-42 

&rface surface Balance ~ a l a n ~ e  ( P i p t l )  (Pipe#2) ( P i i # 3 )  (Pipe#4) 
Pressure Pressureunits Energy Concentration KIn.KOut Kln.KOut Kln.KOut Kln,KOut 

1 atm No No (Pl)O,O 
6 1 atm No No (P510.0 



AFT F- 5.0 Input (3) 0 3 / 1 ~ 0 1 . 2 8 P M  
CH2M HILL 

NAP Pard Transfer Pump fbw toTRlck at TNdc Load Pad 

Reservoir (PipeX5) (Pipem) (Pipe17) . (Pb#8) (Pipem) (p@3#10) 
KIn,KOut Kln,KOut Kfn.KOut Kln,KOut Kln,KOvt K h , K W  

1 

(Ppe#ll) (-112) (PipBt13) 
KIn,KOut Kln,KOut K k r , K W  

6 I I I I (P5)OI - I I I I I I 
Fleswvdr 1 (Pipe W8) I (Pipe rS) I (Ppe #lo) I (Pipe t l l )  I (pipe t12) I (Ppe #13) I (Pipe 114) 1 (Pipe 115) 1 (Pipe #is) I 

I 1 I I I I I 

6 I I I I I I I I i I 
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M Fathom 5.0 Output (1 1 03/18/20@ 
CH2M HILL 

N A P  Pond Transfer Punp flow toTiudcat Tfuck Load Pad 

Jct 

2 

me: WAP Pond Transfer hrnp Row to Truck at Truck Load Pad 
Analysk on: 03/16/2002 15!&55 PM 
Applicatkn verskm: AFT Fathom Version 5.0 (2001.10.15) 
bput me: \\Simba\blsers-NEELEvap Pond LDRS.fth 
scenarlo:6aseScenMransferPurp 

aecuuorl T i  0.1 1 seconds 
Total Nunber Of HeadlPresswe Hefafons= 0 
Total Number Of Flow lterallocls= 5 
Total Number Of Temperature HecetionS= 0 
NunberOff’@~=5 
NunberOfJWdOM- - 6  
MatrbtMethod.. Gaussian Elimination 

P W  T-- O.OOO1 relative change 
FkwRateT&rance=0.0001 rdativechange 
FkwRelaxatbt~ (-tic) 
PressureRelaxetkrrc: (Automatic) 

constent Ruid Property Modd 
FluklDatabase:AFTstandard 
Fkdb-Wateratlabn 
Max Fluld Temperature Data= 212 deg. F 
Mii FMd Temperam Data= 32 deg. F 
T -50deg.F 

Vapor Pressure=0.17055 pia 

Atmospheric Pmure= 1 am 
Gravitational Acceleration= 1 g 
Tuibulent Flow Above Reynolds Number- 4oOO 
Laminar Fkw Below Reynolds Number= 2300 
Overall Delta Head = 8.0 feet 
OVemH Friction Head Loss = 7.1 feet 
owed b k a  Pressure = -6.6 psid 
Overall Frictional Pressure Loss = 3.1 psid 
Total Inflow= 120 gaUmh 
Total O u t f h  120 gaUmin 
Maxhrn Pressure is 21. psia at Junction 2 W e t  
M&nwf~ PresSUfe is 15. pia at Junction 6 Outlet 

D 2 g Z E l 2 9 6 I b m l f l ?  
Viscosity= 3.1 854 rtnnlhr-ft 

vrscOSQ Model= Newto~h~ 

NPSHR 
(feel) 

WA 

! 
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AFT Fathan 5.0 Output (2) 
CH2M HILL 

NAP Pond Transfer Pump llowtoTNdcal TN& Load Pad 

pipe Vd. 
Flow 

(saVmin) 
5 120 

PStalii PStatk Reynolds pipe pipe 
dH Max Min No. Material lm@h Naminel 

(feet) @SI 'a) (ps ia) (feet) Size 
0.218 15. 15. 7.3€+04 HDPE 6.0 4hdr 

Wd. Flow 
IntoSystem 

(gaVmin) 
120 

0 
0 
0 
0 

-120 

!!I 4928 . 

HGL EGL 
dH Inlet Wet 

(feet) (feet) (feet) 
o.oo00 4920 4920 

-15.1352 4920 4920 
0.0195 4930 4931 
0.0057 4930 4930 
0.0867 4928 4928 
0 . m  4IM8 4928 

16. 16. 
1 7. 17. 
15. 15. 
15. 15. 

HGL 
outlez 

4!?2a 
493!j 
493(1 
493a 
4928 
4928 

(feet) 

EGL 
orctlet 
(feet) 
4920 
4935 
4931 
4930 
4928 
4928 
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0 

0 -u, 
l- 

0 
-0 
l- 

h c 
1 

.- 
E 
% 
W 

0 
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SERIES 17 SurePump'" 
Flow Range 20-120 GPM 

40 1 

0 10 20 30 40 50 60 70 80 90 100 110 120 
CAPACITY (GPM) 

SPEClFtCATlONS SUBJECT TO CHANGE WITHOUT NOTICE 

Manufacturer of Specialty Pumps, Controls and Sensors. 0605 
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